Electronic Version 
Stylesheet Version vl.1.1 

Description 

VOLTAGE-DETECTING METHOD AND 

RELATED CIRCUITS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates to a voltage-detecting cir- 
cuit, and more particularly, to a method for detecting a 
power status of a battery with the voltage-detecting cir- 
cuit, which comprises a comparator, resistors, and 
switches. 

[0003] 2. Description of the Prior Art 

[0004] | n recent years, the dramatic development of communica- 
tions technology has brought widespread use of cellular 
phones. In general, a cellular phone uses a chargeable 
battery as a power source. Therefore, a user of the cellular 
phone has to observe the power status of the battery from 
time to time, facilitated by a voltage-detecting circuit of 
the cellular phone, to know how long the cellular phone 


can be used. 

[0005] According to the prior art, a cellular phone comprises an 
8-bit A/D converter to detect power status of a battery, 
the A/D converter converting an analog power status to a 
digital representation of the power status. The cellular 
phone is therefore capable of detecting the power status 
of the battery by detecting voltages at a variety of pins of 
the A/D converter. 

[0006] As far as a method for detecting the power status of the 
battery is concerned, an A/D converter is simply unneces- 
sary because a user of a cellular phone only cares how 
long the cellular phone can likely be used. Such a dedicate 

A/D converter capable of detecting a battery status with 

g 

up to 256 (2 ) power segments is unnecessarily precise 

and costly for a cellular phone. 
Summary of Invention 

[0007] it j S therefore a primary objective of the claimed invention 
to provide a voltage-detecting method for detecting a 
power status of a power source, such as a battery, with a 
simplified voltage-detecting circuit. 

[0008] According to the claimed invention, the voltage-detecting 
method comprises a processor having a first general pur- 
pose input/output (GPIO) port and a second GPIO port; a 


comparator having a first input end connected to the bat- 
tery, a second input end, and an output end connected to 
the first GPIO port; a first resistor connected between the 
second input end of the comparator and a first voltage 
source, and a first power segment detection circuit con- 
nected in parallel with the first resistor, the first power 
segment detection circuit comprising a third resistor and 
a first switch serially connected to the third resistor, the 
first switch connected to the second GPIO port, and a sec- 
ond resistor connected between the second input end of 
the comparator and a second voltage source. The voltage- 
detecting method comprises the following steps: (a) out- 
putting a first control signal with the processor to control 
the first switch at the second GPIO port by determining a 
voltage level at the first GPIO port, and (b) outputting a 
power signal with the processor by determining a voltage 
level at the first GPIO port. 
[0009] it is an advantage of the claimed invention that a voltage- 
detecting circuit comprising only necessary power seg- 
ment detection circuits has low cost. It is another advan- 
tage of the claimed invention that since the comparator 
and the switch can be realized by an operational amplifier 
and an MOS transistor fabricated in an ASIC, the voltage- 


detecting circuit is of small size. 

[0010] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0011] pig.l is a circuit diagram of a first embodiment of a volt- 
age-detecting circuit according to the present invention. 

[0012] pig. 2 is a circuit diagram of a second embodiment of a 
voltage-detecting circuit according to the present inven- 
tion. 

[0013] pig. 3 is a circuit diagram of a third embodiment of a volt- 
age-detecting circuit according to the present invention. 
Detailed Description 

[0014] please refer to Fig.l, which is a circuit diagram of a pre- 
ferred embodiment of a voltage-detecting circuit 60 ac- 
cording to the present invention, the voltage-detecting 
circuit 60 capable of detecting three distinct power sta- 
tuses (2 1 +1). The voltage-detecting circuit 60 comprises a 
processor 22, such as a CPU, a comparator 62, a first re- 
sistor 70 having a resistance R , a second resistor 72 hav- 


ing a resistance of R , and a first power segment detection 

6 

circuit 74 connected in parallel with the second resistor 
72. The CPU 22 comprises a first general purpose input/ 
output (GPIO) port 24 and a second GPIO port 26. The first 
power segment detection circuit 74 comprises a third re- 
sistor 76 having a resistance of R 7 and a first switch 78 
serially connected to the third resistor 76, the first switch 
78 having operations of "open" and "close" by detecting 
open and close signals output by the CPU 22 respectively. 
The comparator 62 can be an operational amplifier in- 
stalled in an application specific integrated circuit (ASIC). 
The first switch 78 can be a MOS transistor installed in the 
ASIC. The comparator 62 comprises a first input end 64 
connected to a power source such as a battery of a cellu- 
lar phone, a second input end 66 connecting the first re- 
sistor 70 and a third reference voltage V and connecting 
the second resistor 72 and a sixth reference voltage V , 
and an output end 68 connected to the first GPIO port 24. 
In the preferred embodiment, the sixth reference voltage 
V is ground. The CPU 22 further electrically connects 
with a display device (not shown). 
[0015] The voltage-detecting circuit 60 is capable of detecting 
whether or not a battery voltage V of the battery is 


greater than (V *R )/(R +R ) (a voltage at the second in- 

f 3 6 5 6 

put end 66 of the comparator 62, the first switch 78 as- 
sumed "open"). For example, when the battery voltage V 

b 

is greater than (V *R )/(R +R ), the comparator 62 out- 

f 3 6 5 6 

puts a logical high control signal at the output end 68 to 
indicate that the battery voltage V is greater than (V f 3 *R 
)/(R +R ). On the contrary, when the battery voltage V 

6 5 6 b 

is less than (V *R )/(R +R ), the comparator 62 outputs 

f 3 6 5 6 

a logical low control signal. 
[0016] Operations of the voltage-detecting circuit 60 are de- 
scribed as follows: In the beginning, the CPU 22 outputs 
the open signal at the second CPIO port 26 to "open" the 
first switch 78; if the comparator 62 at this moment first 
outputs the logical high control signal at the output end 
68, indicating that the battery voltage V is greater than (V 

b f 

*R )/(R +R ), the CPU 22 outputs a high power indica- 

3 6 5 6 

tion signal to the display device; on the contrary, if the 
comparator 62 first outputs the logical low control signal 
at the output end 68, indicating that the battery voltage V 

b 

is less than (V *R )/(R +R ), the CPU 22 outputs the 

f 3 6 5 6 

close signal at the second GPIO port 26 to "close" the first 
switch 78. If the output of the comparator 62 changes to 
be the logical high control signal at the output end 68, in- 


dicating that the battery voltage V is between (V *R )/(R 

b f 3 6 5 

+ R ) and (V *R MR )/(R +R MR ), the CPU 22 outputs a 

6 f 3 6 7 5 67 

medium power indication signal to the display device; if 
the comparator 62 still outputs the logical low control 
signal instead of the logical high control signal, indicating 
that the battery voltage V is less than (V *R MR )/(R +R 

b f 3 6 7 5 

MR ), the CPU 22 outputs a low power indication signal to 

6 7 

the display device. 
[0017] please refer to Fig. 2, which is a circuit diagram of a sec- 
ond embodiment of a voltage-detecting circuit 80 accord- 
ing to the present invention, the voltage-detecting circuit 
80 also capable of detecting three distinct power statuses. 
The voltage-detecting circuit 80 comprises the CPU 22, a 
comparator 82, a first resistor 90 having a resistance R , a 

8 

second resistor 92 having a resistance of R g , and a second 
power segment detection circuit 94 connected in parallel 
with the first resistor 90. The second power segment de- 
tection circuit 94 comprises a fourth resistor 96 having a 

resistance of R and a second switch 98 serially con- 

10 7 

nected to the fourth resistor 96, the second switch 98 also 
having operations of "open" and "close" by detecting open 
and close signals output by the CPU 22 respectively. The 
comparator 82 can also be an operational amplifier in- 


stalled in an ASIC. The second switch 98 can be a MOS 
transistor installed in the ASIC. The comparator 62 com- 
prises a first input end 84 connected to the battery, a sec- 
ond input end 86 connecting the first resistor 90 and a 
fourth reference voltage V and connecting the second 
resistor 72 and a seventh reference voltage V , and an 
output end 88 connected to the first GPIO port 24. In the 
second embodiment, the seventh reference voltage V is 
ground. 

[0018] Operations of the voltage-detecting circuit 80 are de- 
scribed as follows: In the beginning, the CPU 22 outputs 
the close signal at the second GPIO port 26 to "close" the 
second switch 98; if the comparator 82 at this moment 
first outputs the logical low control signal at the output 
end 88, indicating that the battery voltage V is less than 
(V f 4 *R g )/(R g +R g ), the CPU 22 outputs the low power indi- 
cation signal to the display device; on the contrary, if the 
comparator 82 first outputs the logical high control signal 
at the output end 68, the CPU 22 outputs the open signal 
at the second GPIO port 26 to "open" the second switch 
98. If the output of the comparator 82 changes to be the 
logical low control signal, indicating that the battery volt- 
age V is between (V *R )/(R +R ) and (V *R )/(R +R 

^ b f4 9 8 9 f4 9 9 


IIR io ), the CPU 22 outputs the medium power indication 
signal to the display device; if the comparator 62 still out- 
puts the logical high control signal instead of the logical 
high control signal, indicating that the battery voltage V 
is higher than (V *R )/(R +R MR ), the CPU 22 outputs 

a f 4 9 9 8 10 K 

the high power indication signal to the display device. 
[0019] please refer to Fig. 3, which is a circuit diagram of a third 
embodiment of a voltage-detecting circuit 100 according 
to the present invention, the voltage-detecting circuit 100 

2 

capable of detecting five distinct power statuses (2 +1). 

The voltage-detecting circuit 100 comprises the CPU 22, a 

comparator 102, a first resistor 110 having a resistance R 

, a second resistor 112 having a resistance of R , a first 
n' 3 12' 

power segment detection circuit 114 connected in parallel 
with the first resistor 110, and a second power segment 
detection circuit 120 connected in parallel with the second 
resistor 112. The CPU 22 further comprises a third GPIO 
port 28. The first power segment detection circuit 114 
comprises a third resistor 116 having a resistance of R 
and a first switch 118 serially connected to the third re- 
sistor 116, the first switch 118 also having operations of 
"open" and "close" by detecting open and close signals 
output by the CPU 22 respectively. The second power seg- 


ment detection circuit 120 comprises a fourth resistor 122 
having a resistance of R and a second switch 124 seri- 
ally connected to the third resistor 122, the second switch 
118 also having operations of "open" and "close" by de- 
tecting open and close signals output by the CPU 22 re- 
spectively. The comparator 102 can be an operational am- 
plifier installed in an ASIC. The first and second switches 
118 and 124 can be MOS transistors installed in the ASIC. 
The comparator 102 comprises a first input end 104 con- 
nected to the battery, a second input end 106 connecting 
the first resistor 110 and a fifth reference voltage V and 
connecting the second resistor 112 and an eighth refer- 
ence voltage V , and an output end 108 connected to the 
first GPIO port 24. In the third embodiment, the eighth 
reference voltage V is ground. 
[0020] Operations of the voltage-detecting circuit 100 are de- 
scribed as follows: In the beginning, the CPU 22 outputs 
the close signal at the third GPIO port 28 to "close" the 
first switch 118 and outputs the open signal at the second 
GPIO port 26 to "open" the second switch 124; if the com- 
parator 102 at this moment first outputs the logical high 
control signal at the output end 108, indicating that the 
battery voltage V is higher than (V *R )/(R +R MR ), 

1 * b a f 5 12 12 11 13 


the CPU 22 outputs a first high power indication signal to 
the display device; on the contrary, if the comparator 102 
first outputs the logical low control signal at the output 
end 108, the CPU 22 outputs the open signal at the third 
GPIO port 28 to "open" the first switch 118. If the output 
of the comparator 82 changes to be the logical high con- 
trol signal, indicating that the battery voltage V is be- 

b 

tween (V *R )/(R +R IIR ) and (V *R )/(R +R ), 

f5 12 12 11 13 f5 12 12 11 

the CPU 22 outputs a second high power indication signal 
to the display device; if the comparator 102 still outputs 
the logical low control signal instead of the logical high 
control signal, the CPU 22 outputs the close signal at the 
third GPIO port 28 to "close" the first switch 118, and out- 
puts the close signal at the second GPIO port 26 to "close" 
the second switch 124. If the output of the comparator 
102 changes to be the logical high control signal at the 
output end 108, indicating that the battery voltage V is 

b 

between (V *R )/(R +R ) and (V *R IIR )/(R IIR 

f 5 12 12 11 f 5 12 14 12 

+ R IIR ), the CPU 22 outputs a medium power indica- 

14 11 13 ^ K 

tion signal to the display device; if the comparator 102 
still outputs the logical low control signal at the output 
end 108, the CPU 22 outputs the open signal at the third 
GPIO port 28 to "open" the first switch 118. If the output 


of the comparator 102 changes to be the logical high 
control signal, indicating that the battery voltage V is be- 

b 

tween (V *R IIR )/(R IIR +R IIR ) and (V *R IIR 

f 5 12 14 12 14 11 13 f 5 12 

)/(R +R IIR ), the CPU 22 outputs a second low 

14 11 12 14 K 

power indication signal to the display device; if the com- 
parator 102 still outputs the logical low control signal, in- 
dicating that the battery voltage V* b is less than (V f 5 * R 12 IIR 
)/(R +R IIR ), the CPU 22 outputs a first low power 

14 11 12 14' K K 

indication signal to the display device. The resistors from 
first to fourth must have resistances such that (R IIR 

12 

)/(R IIR +R IIR ) is smaller than (R /(R +R )). 

14 12 14 11 13 12 12 11 

[0021] The first and second power segment detection circuits 
114 and 120 mentioned above are connected in parallel 
with the first and second resistors 110 and 112 respec- 
tively. Alternatively, the power-detection circuit 100 can 
have a variety of connections of the first and second 
power segment indication circuits 114 and 120 and the 
first and second resistors 110 and 112. For example, the 
first and second power segment indication circuits 114 
and 120 can be connected in parallel with the first or sec- 
ond resistors 110 and 112 at the same time. Since power- 
detection circuits of such connections have operations 
similar to those of the voltage-detecting circuit 100, fur- 


ther description is omitted. 

[0022] The voltage-detecting circuit 100 comprises only two 

power segment indication circuits. The voltage-detecting 
circuit 100 can comprise, of course, more than two cas- 
caded or in parallel power segment indication circuits. 
Since power-detection circuits of such connections have 
operations similar to those of the voltage-detecting circuit 
100, further description is omitted. 

[0023] | n the above-mentioned voltage-detecting circuits 60, 80 
and 100, the comparators 62, 82 and 102 have the first 
input ends 64, 84 and 104 connected with the battery 
voltage V , and the second input ends 66, 86 and 106 

b 

connected with the reference voltages V , V and V 

3 f3 f4 f5 

through the first resistors 70, 90 and 110. Alternatively, 
the comparators 62, 82 and 102 can have the second in- 
put ends 66, 86 and 106 connected with the battery volt- 
age V , and the first input ends 64, 84 and 104 connected 
with the reference voltages V , V and V through the 

a f3 f4 f5 3 

first resistors 70, 90 and 110. 
[0024] Lastly, in the voltage-detecting circuits 60, 80 and 100, 
the battery voltage V fa and reference voltage V f3 V. 4 and 
V connections can be exchanged. That is, the battery 
voltage V b can be connected with the second input ends 


66, 86 and 106 of the comparators 62, 82 and 102 
through the first resistors 70, 90 and 110, and the refer- 
ence voltages V V and V can be directly connected 

a f 3 , f 4 f 5 7 

with the first input ends 64, 84 and 104. 
[0025] | n contrast to the prior art, the present invention provides 
a voltage-detecting circuit of very low cost. The voltage- 
detecting circuit is capable of detecting a voltage as accu- 
rate as possible by including additional power segment 
detection circuits, the voltage-detecting circuit capable of 
comprising N power segment detection circuits and de- 

N 

tecting a voltage with up to 2 +1 power segments. Fur- 
thermore, the comparator and the switch can both be re- 
alized by an operational amplifier and a MOS transistor 
fabricated in an ASIC, reducing the physical size of the 
circuit. 

[0026] Following the detailed description of the present invention 
above, those skilled in the art will readily observe that nu- 
merous modifications and alterations of the device may be 
made while retaining the teachings of the invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 


